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SOLDERING IRON TIP AND METHOD OF MANUFACTURING SAME 
Background of the Invention 

[0001] The present invention relates to soldering iron tips for electric soldering tools 
and for desoldering tools. It further relates to methods of manufacturing soldering iron 
tips. 

[0002] Soldering is a method for connecting and bonding components and especially 
in the electronics industry. Soldering can be roughly classified into two categories, 
namely, mass soldering (batch soldering) and manual soldering. Mass soldering 
includes flow soldering mounting elements or components on a printed circuit board and 
then immersing the board in a molten solder bath. Mass soldering further includes 
reflow soldering (SMT) wherein soldered particles and flux are mixed with a binder or 
additive to form a solder paste. The solder paste is printed on the circuit board, and the 
elements are then mounted on the circuit board and heated so as to solder them. Both 
of these methods allow simultaneous soldering of multiple points. 
[0003] Manual soldering using an electric soldering iron allows generally any user to 
easily perform soldering operations. Manual soldering can be used following the mass 
soldering methods described above, to repair localized defective soldering, or to solder 
parts which could not be soldered with the mass soldering methods. 
[0004] Conventional soldering iron tips for electric soldering irons are made of 
copper or copper alloys and their forward ends are iron plated with a thickness of 
several tens micrometers to several hundreds micrometers in order to prevent solder 
corrosion. This plated area is then coated with solder, and soldering operations are 
performed therewith. In the past it was common for the principal components of solder 
to be tin and lead (Sn-Pb solders of which Sn-Pb eutectic solder is representative 
thereof). However, in recent years due to environmental concerns, lead is less 
commonly used and so-called lead-free solders have been more frequently used. 
Examples of lead-free solders are Sn-Cu solders, Sn-Ag solders, and Sn-Ag-Cu 
solders. 

[0005] As compared to Sn-Pb solders, it is more difficult to achieve good solder 
joints with lead-free solders, due to inferior solder wetting and ease of solder spreading. 
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The primary causes of inferior solder wetting include the facts that the melting points are 
20 to 45''C higher than Sn-Pb solders and the tips of the soldering irons are more 
readily oxidized. Consequently, soldering work using manual soldering methods has 
suffered. Soldering defects are likely to result with manual soldering which uses lead- 
free solder and thereby more frequent repairs are required. The present applicants 
have invented technology for improving soldering performance while maintaining 
substantially the same degree of solder corrosion of the soldering Iron tip as with iron 
plated articles. This is described in patent document A JP-2000-317629, entitled 
"Soldering Iron Tip" and filed on May 10, 1999, the entire contents of which are hereby 
incorporated by reference. As described in this document, instead of conventional iron 
plating, an Fe-Ni alloy plating is used at the fonward end of the soldering iron tip, or an 
Fe-Ni alloy covering member (a bulk material) is provided to improve soldering 
performance. 

[0006] Furthermore, soldering related operations include desoldering wherein 
(electric) solder suction devices are used to remove undesired solder. These devices 
have a suction nozzle that is heated such as by a built-in heater, and the end of the 
heated suction nozzle is contacted with the solder to thereby melt it. The molten solder 
is suctioned into the interior of the desoldering tool through an opening at the end of the 
suction nozzle. The suctioning is performed by a vacuum pump or the like, and the 
molten solder is stored in a tank (or a capsule) having a filter provided in the suction 
passageway thereto. 

[0007] With respect to the function of melting solder when the heated tip contacts it 
and the requirements of good solder wetting in order to maintain good heat transfer 
characteristics, the suction nozzle of the electric solder suction device is similar to the 
soldering iron tip of an electric soldering iron, and similar iron plating is typically used at 
the fonvard end thereof. Similar to the soldering iron tip of the electric soldering iron, 
desoldering tip corrosion is to be prevented while maintaining solder wettability, even 
when using lead-free solder. 
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Summary of The Invention 

[0008] "Soldering iron tip" as used in this disclosure refers to both the soldering iron 
tips of electrical soldering tools and soldering iron suction nozzles of desoldering tools. 
The Fe-NI alloy plating described above provides some extension of the working life of 
the soldering iron tip. However, the working life of the tips is limited by the progressive 
loss of solder wettability; that is, the working life of soldering iron tips is limited by 
oxidation of the fonA/ard end thereof due to solder corrosion. The working life limit due 
to solder corrosion is the same as that for iron plated articles. For reasons such as the 
fact that the melting point of lead-free solder is higher than that of Sn-Pb solders, lead- 
free solders have greater corrosion of the soldering iron tip. Consequently, the working 
life of the tips is reduced due to the increased corrosion when lead-free solders are 
used. Increasing the thickness of the plating by increasing the length of the time during 
which the Fe-Ni alloy plating is performed disadvantageously further increases the 
plating processing time, which without the thicker plating takes twenty to thirty hours. In 
addition to the reduced productivity, increased cost can be expected due to the cost of 
processing environmental contaminants in the plating waste. 

[0009] Although providing an Fe-Ni alloy coating member (bulk material) at the 
foHA/ard end of the soldering iron tip reduces corrosion, other problems result. In 
general, solder wettability varies inversely with corrosion resistance, and these 
characteristics are strongly influenced by the properties of the solder and the properties 
of the soldering iron tip. Accordingly, the properties of the solder and of the soldering 
iron tip must be considered when finding a balance between solder wettability and 
corrosion resistance. Conventionally, almost all Sn-Pb solders were Sn-Pb eutectic 
solders, but lead-free solders include the various different types mentioned above. 
Consequently, problems arise when an Fe-Ni alloy coating member is provided at the 
forward end of a soldering iron tip since the characteristics thereof vary according to the 
type of solder used. Selecting optimal physical characteristics to correspond to the type 
of solder used results in limited options and inability to achieve a satisfactory result. 
[0010] Accordingly, an object of the present invention is to provide a soldering iron 
tip (and method of manufacturing the same) wherein the soldering iron tip has improved 
solder corrosion resistance, improved soldering performance or removal characteristics, 
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while readily allowing for optimization of the properties of the soldering iron fon/vard end 
according to the type of solder, and reduced discharge of environmental contaminants. 
[0011] An invention of the present disclosure is a soldering iron tip for handling 
solder wherein the soldering iron tip is used for an electric soldering iron or an electric 
desoldering suction tool. The soldering iron tip has a metal particle sintered member at 
the foHA^ard end of the . soldering iron tip core. The sintered member can be 
manufactured by powder metal metallurgy, and the material of the core is preferably 
copper or copper alloy. Manufacturing by powder metallurgy provides freedom in 
shaping the member and makes it possible to manufacture the member with a shape 
close to that of the final desired shape, whereby subsequent grinding (shape finishing) 
operations are reduced if not eliminated. Furthermore, as compared with solution 
processes, it is not necessary to heat the sintered member to the melting point of iron. 
Thereby energy consumption is reduced and environmental impact is lessened. 
Discharge processing, which was used with conventional iron plating, is no longer 
needed and the negative impact on the environment is lessened allowing for energy 
saving and mass production. 

[0012] The metal particle sintered body or member can comprise a sintering base 
material, or a sintering base material and a sintering additive, wherein the sintering base 
material includes iron, nickel and/or cobalt particles. By using a sintered alloy having as 
its primary components iron, nickel and/or cobalt (which are elements from the same 
group having similar properties to iron), or a combination thereof, a soldering iron tip 
can be produced having good resistance to solder corrosion and good solder wettability. 
In particular, when the sintering materials are based on iron particles to which nickel 
particles and cobalt particles are added, improved corrosion resistance and solder 
wettability as compared with iron particles alone can be obtained. 
[0013] The above-mentioned iron particles used for the sintering base material can 
be iron powder having a purity of no less than 99.5%. Losses in thermal and electrical 
conduction and inferior soldering application characteristics or soldering removal 
characteristics due to impurities are thereby avoided. On the other hand, the density of 
the metal particle sintered body or member is advantageously increased. If the Iron 
particles contain large quantities of impurities, such as carbon, oxygen, nitrogen or 
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hydrogen, the corresponding density of the metal particle sintered member should be no 
greater than 90%; while if high purity iron particles are used, the density is increased to 
no less than 96%. 

[0014] The sintering base material in the metal particle sintered body or member can 
be between 60% and 99.99%. This allows the properties of the sintering base material, 
which serves as the primary component, to be effectively used. Solder corrosion 
resistance and solder wettability are thereby significantly improved. 
[0015] The metal particle sintered body can comprise a sintering base material and a 
sintering additive wherein the additive is selected from the group of copper particles, 
silver particles, tin particles, boron particles and carbon particles. This allows not only 
for further improved soldering performance but also for a high density metal particle 
sintered body or member to be produced by sintering at relatively low temperatures and 
for the body or member to have good corrosion resistance. Copper, silver and tin have 
relatively low melting points, namely 1.083X., 961 X.. and 232X.. respectively, and 
can be used. Thus, even if the sintering temperature is set to a relatively low 
temperature, these particles melt in the sintering process, allowing liquid phase 
sintering, which fills in the gaps between the particles. In solid phase sintering, boron is 
interstitially diffused among the iron group elements, furthering mutual diffusion of the 
solids within each other, allowing sintering at a relatively low temperature of 1,100°C. 
Carbon when included can improve the solder corrosion resistance and significantly 
extends the working life of the tip. 

[0016] The content of the sintering additive in the metal particle sintered body or 
member can be between 0.01% and 40%. Thereby, it is possible to establish the 
optimal amount to be added without the amount of the sintering additive being too small 
and its effect being insufficient and without being too large, resulting in defects. The 
soldering iron tip for handling solder and having the metal particle sintered member 
connected to the core as discussed above can be used as a replaceable soldering iron 
tip on a main body provided with a heating element. Alternatively, the tip can be 
provided as a replaceable suction nozzle on a main body similarly provided with a 
heating element and also with a vacuum function. If the electric soldering iron or the 
electric desolder tool is thereby produced, it is possible to reduce the number of times 
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that the soldering iron tip is replaced when applying or removing lead-free solder. 
Additionally, this construction provides for increased workability and also facilitates high 
quality soldering and solder removal even by people who are not highly skilled. 
[0017] In addition to the soldering iron tip construction, another invention herein is 
the method of manufacturing of soldering iron tips for handling solder. The sintering 
base material or the sintering base material and the sintering additive, can be mixed 
with a binder. Examples of binders are approximately 40 volume%, in an amount of the 
mixture of sintering materials and binders. A shape substantially the same as the 
desired soldering iron member or a shape encompassing the same thereof, is formed 
as a green compact by pressure molding. The green compact is fired in a non-oxidative 
(an inert gas) atmosphere at 800 to 1,300X. to produce the desired metal particle 
sintered member. This member is then joined to the forward end of the soldering iron 
tip core, which preferably is a copper or a copper alloy. The metal particle sintered 
body or member can then be machined to the desired shape, and subsequently joined 
to the foHA^ard end of the soldering iron core by brazing or the like. 
[0018] A step in the manufacturing process of the metal particle sintered body or 
member is to further shape it by preform forging or powder forging at temperatures of 
300 to 500°C. to produce the soldering iron forward member. This reduces the fine air 
cavities between the particles and the metal particle sintered body, thereby increasing 
the density and improving corrosion resistance. 

[0019] A further definition of the present manufacturing method invention is that the 
sintering base material (or the sintering base material and additive), are mixed with a 
binder and pressure molded to a green compact having a shape substantially the same 
as that of the desired soldering iron forward member end product or a shape 
encompassing the shape of the soldering iron fonvard end member. The molded shape 
is fired in a non-oxidative atmosphere at no less than 800°C. and no greater than the 
melting point of the soldering iron tip core to thereby produce the soldering iron fonA/ard 
end member comprising the metal particle sintered body, while joining the soldering iron 
fonvard end member to the fon^^ard end of the soldering iron core. Pursuant to this 
manufacturing process, there is no need for joining the soldering iron tip core and the 
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soldering iron fonA^ard end member by brazing or the like, and manufacturing 
productivity can thereby be increased. 

[0020] Further, instead of pressure molding, injection molding methods can be used 
to form the soldering iron tip. In this manner, a green compact can be easily shaped, 
even for relatively complex shapes which are difficult to make by compression molding. 
The need for subsequent machining is thereby reduced or eliminated and 
manufacturing productivity increased. 

[0021] Liquid phase sintering can alternatively be used according to the present 
invention. Liquid phase sintering includes the firing temperatures being no less than the 
melting point of the sintering additive. This allows for high density metal particle 
sintered bodies or members to be produced by sintering at a relatively low temperature. 
In other words, with liquid phase sintering, the particles having a lower melting point, 
melt in the sintering process and fill in the gaps between the metal particles. Thereby, a 
high density metal particle sintered body can be produced, allowing for excellent solder 
application characteristics and solder removal characteristics. A power savings is also 
achieved since the sintering is at relatively low temperatures. 

[0022] A further definition of the invention is a manufacturing method characterized 
in that the metal particle sintered body or member is produced from a sintering base 
material or a sintering base material and a sintering additive, by cold isostatic pressure 
compression molding, hot isostatic press compression molding, or mechanical alloying. 
The metal particle sintered body is plastically worked into a rod shape or a filament 
shape. This shape is further machined to produce a soldering iron forward member, 
and this soldering iron fonward member is joined to the fonA/ard end of a soldering iron 
core. This process allows for the fine air cavities between particles and the metal 
particle sintered body to be reduced thereby increasing the density of the body, and 
providing high corrosion resistance. 

[0023] Another method of manufacturing a soldering iron tip of the present invention 
includes alloying the sintering base material and the sintering additive by a solution 
process and granulating the particles to produce an alloy particle. The metal particle 
mixing process thereby can be simplified, increasing manufacturing productivity. 
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[0024] A further manufacturing method of the invention is characterized in that the 
particle size of the sintering base material, the sintering additive or the alloy particle 
used is no greater than 200 pm. Alternatively, the particles used can be no greater than 
50 pm. Even further, ultra-fine particles can be used as the sintering base material, the 
sintering additive or the alloy particle. By using small metal particles, the density of the 
metal particle sintered body can be increased. Additionally, it is possible to improve the 
solder application characteristics or the solder removal characteristics, and to improve 
the corrosion resistance of the soldering iron tip. 

[0025] However, it is difficult to form a tip cap whose thickness is less than 
approximately 1000 microns using pressing or extruding processes. Also, the density of 
caps formed using these methods will generally be ninety percent or less. Therefore, it 
is preferable to use metal injection molding to form the tip cap of this invention. Using 
this method, the tip caps can have a wall thickness of 200 to 800 microns and a density 
after sintering of 96 to 97%. 

[0026] Further inventions of the present disclosure are set forth in the paragraphs 
below. 

[0027] A method of forming a soldering iron tip, comprising: providing a copper or 
copper alloy core having a base portion and a forward extension portion, the fonA/ard tip 
portion having a tip end; applying Ag particles to at least one of an inside surface of a 
solder tip cap and the fon^/ard tip portion; after the applying, fitting the solder tip cap on 
the foHA/ard tip portion; and after the fitting, brazing the cap to the fonA/ard tip portion. 
[0028] The method defined above wherein the applying Ag particles includes 
applying the particles in a paste which includes alcohol. 

[0029] The method defined above wherein the applying includes the Ag particles 
have a size of between 0.1pm and 50pm. 

[0030] The method defined above where the applying includes brushing the paste 

onto the inside surface and the fonA/ard tip portion. 

[0031] The method defined above wherein the brazing is in a furnace. 

[0032] The method defined above wherein the furnace is filled with N2 gas and has a 

brazing temperature of 700X. 
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[0033] The method defined above further comprising before the brazing and the 

fitting, mounting a brazing filler metal ring to the fonvard extension portion. 

[0034] The method defined above wherein the ring is a BAg-7 ring. 

[0035] The method defined above further comprising applying flux on a joint between 

the cap and the fonvard extension portion. 

[0036] The method defined above wherein the flux applying is before the brazing. 

[0037] The method defined above wherein the flux is a silver brazing flux. 

[0038] The method defined above wherein the brazing is in a non-oxidation 

atmosphere. 

[0039] The method defined above wherein the cap is an iron cap. 

[0040] A soldering iron tip formed by any of the methods defined above. 

[0041] A method of forming a soldering iron tip, comprising: applying a paste of Ag 

particles to at least one of an inside surface of a soldering iron tip cap or a fonA^ard tip of 

an extension member of a soldering iron tip core; after the applying, inserting the cap on 

the forward tip end; and after the applying, subjecting the cap and the extension 

member to a brazing temperature. 

[0042] The method defined above wherein the applying applies approximately 500 
milligrams of Ag particles. 

[0043] The method defined above wherein the cap is a metal-injection-molded cap. 
[0044] The method defined above wherein the cap is an iron cap. 
[0045] The method defined above wherein the diameters of the Ag particles are 
between 0.1pm and 50pm. 

[0046] The method defined above further comprising before the subjecting, mounting 
a brazing filler metal ring on the extension member. 

[0047] The method defined above wherein the mounting is before the inserting. 
[0048] The method defined above further comprising wherein the mounting is 
against an abutment surface of the extension member. 

[0049] The method defined above wherein the abutment surface extends out 
perpendicular to a longitudinal axis of the extension member. 

[0050] The method defined above wherein the abutment surface extends out an 
angle from a longitudinal axis of the extension member away from the fonA/ard tip. 
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[0051] The method defined above wherein the ring is a silver braze ring. 

[0052] The method defined above further comprising after the mounting, applying 

flux over the ring. 

[0053] The method defined above wherein the applying flux is before the subjecting. 
[0054] The method defined above wherein the flux is AWS 3A type or AWS SB type 
flux. 

[0055] The method defined above wherein the subjecting is in a furnace, at 
approximately 700** C for approximately 10 minutes. 

[0056] The method defined above where the furnace is filled with at least one of the 
gases selected from the group consisting essentially of N2, H2 and Ar gas. 
[0057] The method defined above further comprising applying flux to a joint between 
the cap and the extension member. 

[0058] The method defined above wherein the flux is a silver brazing flux. 

[0059] The method defined above wherein the applying applies the paste to both the 

inside surface and the fonA/ard tip end. 

[0060] The method defined above further comprising applying flux to the joint 
between the cap and the extension member, and the subjecting includes heating in an 
inert atmosphere. 

[0061] The method defined above wherein the inserting includes pressure fitting the 
cap on the fonA/ard tip end. 

[0062] The method defined above wherein the cap is an iron cap. 

[0063] A soldering iron tip formed by any of the methods defined above. 

[0064] A soldering iron tip comprising: a copper or copper alloy core having a base 

portion and a forward extension portion; and an iron cap brazed to a tip end of the 

foHA/ard tip portion with a silver particle layer sandwiched between the cap and the 

foHA/ard extension portion. 

[0065] The soldering iron tip defined above further comprising silver-based brazing 
filler in the joint between the end of the cap and the forward extension portion. 
[0066] The soldering iron tip defined above wherein the soldering iron tip defines a 
solder suction tip and the forward extension portion has a suction through-passageway. 
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[0067] The soldering iron tip defined above wherein the cap is a metal-injection- 
molded cap. 

[0068] The soldering iron tip defined above further comprising a brazing filler metal 
ring on and brazed to the extension member between an abutment surface of the 
extension member and a proximal end of the cap. 

[0069] The soldering iron tip defined above wherein the abutment surface is 
perpendicular to a longitudinal axis of the extension member. 

[0070] The soldering iron tip defined above wherein the abutment surface is at an 
angle of approximately 5 to 10 degrees relative to a longitudinal axis of the extension 
member and away from the forward tip. 

[0071] A method of making a soldering iron tip, comprising: providing a soldering 
iron tip core which includes a base portion and a forward extension portion; masking a 
working tip end of the extension portion; and with the working tip end masked, plasma 
spraying a top coating on the core. 

[0072] The method defined above wherein the plasma spraying includes spinning 
the core about a longitudinal axis thereof while spraying the top coating on the core. 
[0073] The method defined above wherein the spraying is out a nozzle, and the 
spraying includes moving the nozzle back and forth along the core as the core is 
spinning, 

[0074] The method defined above wherein the nozzle during the spraying is about 
100 millimeters away from the soldering iron tip and the moving back and forth is for 
several cycles. 

[0075] The method defined above wherein the temperature in the nozzle is 1 ,000 to 
10,000° C. 

[0076] The method defined above wherein the top coating is approximately 60 pm 
layer of SUS316L high-purity stainless steel. 

[0077] The method defined above further comprising before the spraying, 
roughening the outer surface of the core. 

[0078] The method defined above wherein the roughening includes steel grit blasting 
the outer surface. 
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[0079] The method defined above wherein the roughening includes air blast cleaning 
the surface after the steel grit blasting. 

[0080] The method defined above wherein the steel grit blasting includes blasting 
steel grit particles having diameters of between 10 to 250 pm, with an average diameter 
of about 80 |jm and a 10 Morse hardness, the output of the blasting is 3.7 to 4.0 
kgf/cm^, and the blasting is for about 10 seconds. 

[0081] The method defined above wherein the masking uses a heat-resistant rubber 
mask. 

[0082] The method defined above wherein the extension portion is tapered and the 
working tip end is only a fonward portion of the tapered extension portion, approximately 
35% of the total length of the tapered extension portion. 

[0083] The method defined above wherein the working tip end includes a metal- 
injectioh-mblded cap. 

[0084] The method defined above wherein the working tip end includes a plating 
layer of tin or tin alloy. 

[0085] The method defined above further comprising before the plasma spraying, 
applying an undercoating to the core. 

[0086] The method defined above wherein the undercoating is applied by plasma 
spraying. 

[0087] The method defined above wherein the top coating is a ceramic material or a 
cermet material. 

[0088] The method defined above wherein the undercoating is Ni-20%Cr. 

[0089] The method defined above wherein the undercoating has a heat expansion 

rate that is greater than that of the top coating and less than that of the material of the 

core. 

[0090] The method defined above wherein the undercoating is Nl, Co23%, Cr17%, 
Al 2%, YO.5%. 

[0091] The method defined above wherein the undercoating is Co, NI32%, Cr21%, 
Al 8%, YO.5%. 

[0092] The method defined above further comprising applying a sealing coating on 
the top coating. 
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[0093] The method defined above wherein the sealing coating is Cr203, Si02 or 
Zr02. 

[0094] The method defined above wherein the sealing coating is applied by brushing 
or by dipping. 

[0095] The method defined above further comprising hardening the sealing coating 
by heating after the applying. 

[0096] The method defined above wherein the heating is for approximately 30 
minutes at approximately 180*" C. 

[0097] The method defined above wherein the top coating is Mo. 

[0098] The method defined above wherein the top coating is Al, Ni, Cu, W, or Ti. 

[0099] The method defined above wherein the top coating is Ti. 

[00100] The method defined above wherein the top coating is a ceramic material or a 

cermet material. 

[00101] The method defined above further comprising after the plasma spraying, 
removing the mask. 

[00102] The method defined above wherein after the removing, the working tip end 
has a wettability by solder and the rest of the extension portion does not have a 
wettability by solder. 

[00103] The method defined above wherein the core is copper or a copper alloy. 
[00104] The method defined above wherein the soldering iron tip is for a desoldering 
tool and the core has a longitudinal suction through-passageway. 
[00105] A soldering iron tip manufactured by any of the methods defined above. 
[00106] The soldering iron tip defined above wherein the soldering iron tip comprises 
a desoldering tool nozzle. 

[00107] A method of forming a soldering iron tip, comprising: providing a soldering 
iron tip core having a base portion and a fonA/ard extension portion; masking a working 
tip end of the extension portion; with the working tip end masked, applying an 
undercoating on the core; with the working tip end masked, spraying a ceramic, cermet 
or metal top coating on the undercoating; and applying a sealant on the top coating. 
[00108] The method defined above wherein the applying the sealant is with the 
working tip end masked. 
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[00109] A soldering iron tip formed by the methods defined above. 
[00110] A soldering iron tip comprising: a heat-conducting core having a base portion 
and a fonn/ard extension portion; and a top coating on the base portion and on the 
extension portion but not on a working tip end thereof, the top coating not being 
wettable by solder. 

[00111] The soldering iron tip defined above wherein the tin or tin alloy coated 
working tip end has a wettability by solder. 

[00112] The soldering iron tip defined above wherein the top coating is an 
approximately 60 pm layer of SUS31 6L high-purity stainless steel. 
[00113] The soldering iron tip defined above wherein the extension portion is conical. 
[00114] The soldering iron tip defined above wherein the core comprises copper or 
copper alloy. 

[00115] The soldering iron tip defined above wherein the working tip end includes a 
plating layer of tin or tin alloy. 

[00116] The soldering iron tip defined above further comprising an undercoating on 
the core underneath the top coating. 

[00117] The soldering iron tip defined above wherein the undercoating has a 
thickness of approximately 30pm. 

[00118] The soldering iron tip defined above wherein the top coating is a ceramic 
material, a cermet material, or a metal. 

[001 19] The soldering iron tip defined above wherein the undercoating is Ni-20%Cr. 
[00120] The soldering iron tip defined above wherein the undercoating has a heat 
expansion rate that is greater than that of the top coating and less than that of the 
material of the core. 

[00121] The soldering iron tip defined above wherein the undercoating is Ni, Co23%, 
Cr17%. Al 2%, YO.5%. 

[00122] The soldering iron tip defined above wherein the undercoating is Co, Ni32%, 
Cr21%, Al 8%, YO.5%. 

[00123] The soldering iron tip defined above further comprising a sealing coating on 
the top coating. 
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[00124] The soldering iron tip defined above wherein the sealing coating is CraOa, 
Si02 or Zr02. 

[00125] The soldering iron tip defined above wherein the sealing coating has a 
thickness of between 1 and 100 pm. 

[00126] The soldering iron tip defined above wherein the sealing coating is a heat- 
hardened sealing coating. 

[00127] The soldering iron tip defined above wherein the top coating is Mo. 

[00128] The soldering iron tip defined above wherein the top coating is Al, Ni, Cu, W, 

or Ti. 

[00129] The soldering iron tip defined above wherein the top coating is Ti. 

[00130] The soldering iron tip defined above wherein the core has a reanwardly- 

opening cavity adapted to receive a bar-shaped heater therein. 

[00131] The soldering iron tip defined above wherein the soldering iron tip is for a 
desoldering tool and the core has a longitudinal suction through-passageway. 
[00132] The soldering iron tip defined above including a metal-injection-molded cap at 
the working tip end. 

[00133] The soldering iron tip defined above wherein the cap is brazed to the core 
with a silver particle paste sandwiched between the cap and the fon^/ard extension 
position. 

[00134] The soldering iron tip defined above wherein the fonward extension portion 
has a total length of between 0.5 and 2.5 cm and the working tip end has a length of 
between 0.1 and 1.0 cm. 

[00135] The soldering iron tip defined above wherein the fonA/ard extension portion 
has a total length of approximately 1.7 cm and the working tip end has a length of 
approximately 0.6 cm. 

[00136] The soldering iron tip defined above further comprising an undercoating 
undemeath the top coating and a sealant on the top coating. 

[00137] The soldering iron tip defined above wherein the sealant has a thickness of 
approximately 50 pm, the top coating has a thickness of approximately 60 pm and the 
undercoating has a thickness of approximately 30 pm. 
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[00138] The soldering iron tip defined above wherein the top coating comprises 
ceramic, cermet or metal. 

[00139] A method of forming a soldering iron tip, comprising: providing a copper or 
copper alloy core having a base portion and a forward working end portion, the base 
portion having a rean^/ardly-opening cavity; applying a paste which includes Al and Ag 
particles in the cavity; and after the applying, heating the paste to form an Ag-AI-Cu 
alloy coating layer in the cavity. 

[00140] The method defined above wherein the applying includes applying a 2 to 5 
mg/cm^ layer of the paste to surfaces of the cavity. 

[00141] The method defined above wherein the alloy of the alloy coating layer is a 
eutectic composition of Ag - 29.5%AI by weight % and having a eutectic temperature of 
566° C. 

[00142] The method defined above wherein the applying is by brushing the paste or 
by dipping in the paste. 

[00143] The method defined above wherein the paste includes 10-60 weight % Al 
particles and 40 - 90 weight % Ag particles. 

[00144] The method defined above wherein the paste includes alcohol. 

[00145] The method defined above wherein the alcohol is Methyl alcohol, Ethyl 

alcohol, Butyl alcohol, Isopropyl alcohol or another higher solvent alcohol. 

[00146] The method defined above wherein the paste further includes Glycerine or 

Propylene glycol. 

[00147] The method defined above further comprising after the applying and before 

the heating, allowing the paste to dry at a temperature lower than 400°C. 

[00148] The method defined above wherein the heating is in an inert atmosphere at a 

temperature and for a period of time sufficient to melt the paste. 

[00149] The method defined above wherein the temperature is less than 750° C, 

[00150] The method defined above wherein the period of time is approximately 10 

minutes. 

[00151] The method defined above wherein the temperature is approximately 700° C. 
[00152] The method defined above wherein the coating layer has a thickness of 
between 5 and 50 pm. 
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[00153] The method defined above wherein the thickness Is 40pm. 

[00154] The method defined above wherein the paste of Al and Ag particles is a 

mixture of 30% Al particles and 70% Ag particles. 

[00155] The method defined above wherein the paste includes the Al and Ag particles 
and a binder. 

[00156] The method defined above wherein the binder is alcohol. 

[00157] The method defined above wherein the coating layer has an AI2O3 surface 

film. 

[00158] The method defined above wherein the particles have diameters of between 
1ljm and 50[jm. 

[00159] The method defined above wherein the particles have an oxygen content of 
1% by weight or less. 

[00160] The method defined above wherein the coating layer has a high Al 
concentration. 

[00161] The method defined above wherein the Al concentration is more than 5% by 
weight. 

[00162] The method defined above wherein the soldering iron tip is for a desoldering 
tool and has a longitudinal suction through-passageway. 

[00163] The method defined above wherein the cavity is adapted to receive a bar- 
shaped heater therein. 

[00164] The method defined above wherein the working end portion has a solder 
suction through-passage. 

[00165] The method defined above wherein the layer coats the entire surface of the 
cavity. 

[00166] The method defined above wherein the cavity has a cylindrical shape. 
[00167] The method defined above wherein the opening of the cavity has a hexagonal 
shape. 

[00168] The method defined above further comprising before the applying, forming 
the paste by mixing the Al and Ag particles and an alcohol binder. 
[00169] The method defined above wherein the forward working end portion has a 
conical shape, a screwdriver shape, or a knife shape. 
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[00170] The method defined above further comprising after the heating, plasma spray 
coating an outside surface of the core with ceramic, cennet or metal. 
[00171] The method defined above further comprising joining a metal-injection- 
molded cap to the fonA^ard working end portion. 

[00172] The method defined above wherein the joining is before or at the same time 
as the heating. 

[00173] The method defined above vyherein the joining includes applying a silver 
particle paste between the cap and the fonA/ard working end portion, and after the 
applying brazing the cap in place. 

[00174] A soldering iron tip made by the methods defined above. 

[00175] A method of forming a soldering iron tip, comprising: providing a copper or 

copper alloy core having a base portion and a fonward working end portion, the base 

portion having a reanwardly-opening cavity; and forming an aluminum oxide film in the 

cavity. 

[00176] A soldering iron tip made by the method defined above. 

[00177] A soldering iron tip, comprising: a copper or copper alloy core having a base 

portion and a fonward working end portion, the base portion having a reanA/ardly- 

opening cavity; and an Ag-AI-Cu alloy coating layer in the cavity. 

[00178] The soldering iron tip defined above wherein the alloy of the coating layer is a 

eutectic composition of Ag - 29.5% Al by weight % and having a eutectic temperature of 

566°C. 

[00179] The soldering Iron tip defined above wherein the coating layer has a thickness 
of between 5 and 50 pm. 

[00180] The soldering Iron tip defined above wherein the thickness is 40|jm. 

[00181] The soldering iron tip defined above wherein the coating layer has an AI2O3 

surface film. 

[00182] The soldering Iron tip defined above wherein the coating layer has a high Al 
concentration. 

[00183] The soldering iron tip defined above wherein the Al concentration is more 
than 5% by weight. 
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[00184] The soldering iron tip defined above wherein the soldering iron tip is for a 
desoldering tool and has a longitudinal suction through-passageway. 
[00185] The soldering iron tip defined above wherein the cavity is adapted to receive 
a bar-shaped heater therein. 

[00186] The soldering iron tip defined above wherein the working end portion has a 
solder suction through-passageway. 

[00187] The soldering iron tip defined above wherein the layer coats the entire surface 
of the cavity. 

[00188] The soldering iron tip defined above wherein the cavity has a cylindrical 
shape. 

[00189] The soldering iron tip defined above wherein the opening of the cavity has a 
hexagonal shape. 

[00190] The soldering iron tip defined above wherein the fonA^ard working end portion 
has a conical shape, a screwdriver shape, or a knife shape. 

[00191] The soldering iron tip defined above further comprising a coating of ceramic, 
cemriet or metal on an outside surface of the core. 

[00192] The soldering iron tip defined above further comprising a metal-injection- 
molded cap joined to the forward working end portion. 

[00193] The soldering iron tip defined above wherein the cap is brazed to the fon^/ard 
working end portion with a silver particle paste layer therebetween. 
[00194] A soldering iron tip comprising: a copper or copper alloy core having a base 
portion and a forward working end portion, the base portion having a reanvardly- 
opening cavity; and an aluminum oxide film in the cavity. 

[00195] The soldering iron tip defined above wherein the aluminum oxide film has a 
thickness of approximately 0.1 pm or less. 

[00196] The soldering iron tip defined above wherein the film coats the entire surface 
of the cavity. 

[00197] The soldering iron tip defined above further comprising a coating of ceramic, 
cermet or metal on an outside surface of the core. 

[00198] The soldering iron tip defined above further comprising a metal-injection- 
molded cap joined to the forward working end portion. 
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[00199] In other words, disclosed herein is a soldering iron tip including a copper or 
copper alloy core, the core having a base portion, a fonA^ardly extending portion and a 
reanwardly-disposed cavity. The soldering iron tip has one or more of the following: (1) 
a metal particle sintered member connected to the core to transfer heat therefrom to 
form a working soldering tip (the sintered member can be manufactured by powder 
metallurgy from a base material (iron, nickel and/or cobalt particles) and an additive 
(silicon, copper, silver, tin, boron and/or carbon particles) where needed); (2) a cap 
(which can be the above-described sintered member) fitted onto the working tip of the 
fonrt/ardly extending portion with a silver paste sandwiched therebetween, a brazing filler 
metal ring is positioned between an abutment shoulder and the cap, flux applied to the 
joint and the cap brazed into place; (3) a metal, cermet or ceramic coating sprayed on 
the outer surface of the core, except for the (masked) working tip end, and which is not 
wettable by solder; and (4) an Ag-AI-Cu alloy coating layer and/or an AI2O3 surface film 
in the rearwardly-disposed cavity to improve heat conduction from the heater therein. 
[00200] Other objects and advantages of the present invention will become more 
apparent to those persons having ordinary skill in the art to which the present invention 
pertains from the foregoing description taken in conjunction with the accompanying 
drawings! 

Brief Description of the Drawings 

[00201] FIG. 1 is a partial cross-sectional view of a soldering iron tip of the present 
invention; 

[00202] FIG. 2 is a side view of a front portion of an electric soldering iron according 

to a first embodiment of the present invention; 

[00203] FIG. 3 is an exploded perspective view of FIG. 2; 

[00204] FIG. 4 is an enlarged cross-sectional view taken on line 4-4 of FIG. 3; 

[00205] FIG. 5 is an exploded perspective view of FIG. 4; 

[00206] FIG. 6 is a flowchart showing a process for manufacturing a soldering iron tip 
of the present invention; 

[00207] FIG. 7 is a flowchart showing an alternative process for manufacturing a 
soldering iron tip of the present invention; 
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[00208] FIG. 8(a) is a perspective view of a forward end of a soldering iron tip of the 
present invention showing a preliminary manufacturing step; 

[00209] FIG. 8(b) is a view similar to FIG. 8(a) showing a subsequent manufacturing 

step thereof; 

[00210] FIGS. 9(a), (b) and (c) are sectional views illustrating a liquid phase sintering 
mechanism of the present invention; 

[00211] FIG. 10(a) is a cross-sectional view of an alternative soldering iron tip of the 
present invention; 

[00212] FIG. 10(b) is a view similar to FIG. 10(a) showing a variation thereof; 
[00213] FIG. 11 Is an exploded perspective view of an alternative soldering iron tip of 
the present invention; 

[00214] FIG. 12 is a cross-sectional view of the soldering iron tip of FIG. 11; 

[0021 5] FIG. 1 3 is a view similar to FIG. 1 2 showing a variation thereof; 

[00216] FIG. 14 is a view similar to FIG. 12 showing an alternative forming method 

similar to FIG. 8(a); 

[00217] FIG. 15 is a view showing a subsequent forming step of the soldering iron tip 
of FIG. 14 (see, e.g., FIG. 8(b)); 

[00218] FIG. 16 is a cross-sectional view of a desoldering tool that includes a 
soldering iron tip of the present invention; 

[00219] FIG. 17 is an enlarged view of the fonward end of the desoldering tool of FIG. 
16. 

[00220] FIG. 18 is an elevational view of a soldering iron tip core of the present 
invention showing a cleaning step; 

[00221] FIG. 19 is a view showing the core of FIG. 16, a MIM cap of the present 
invention and silver particle paste being applied to a tip of the core and the inside of the 
cap; 

[00222] FIG. 20 is a view similar to FIG. 19 showing the core, the cap and a brazing 
filler ring in exploded relation; 

[00223] FIG. 21 is a view similar to FIG. 20 showing the cap pressure fitted in place; 
[00224] FIG. 22 is a view similar to FIG. 21 showing flux on the core, ring and cap 
before brazing; 
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[00225] FIG. 23 is a view similar to FIG. 22 showing a brazing step; 

[00226] FIG. 24 is a view similar to FIG. 23 after the brazing step; 

[00227] FIG. 25 is a view similar to FIG. 24 showing a flux sediment removal step; 

[00228] FIG. 26 is a view similar to FIG. 25 after the flux sediment has been removed; 

[00229] FIG. 27 is a heating-cooling graph for brazing the soldering iron tip of FIG. 23; 

[00230] FIG. 28 is an enlarged view of the fonA/ard portion of FIG. 18 and showing a 

ninety-degree abutment shoulder; 

[00231] FIG. 29 is a view of the fon^^ard portion of FIG. 21 ; 
[00232] FIG. 30 is a view of the fon^^ard portion of FIG. 26; 

[00233] FIG. 31 is a view similar to FIG. 28 but showing a radiused abutment shoulder 
embodiment; 

[00234] FIG. 32 is a view similar to FIG. 29 but with the embodiment of FIG. 31 ; 
[00235] FIG. 33 is a view similar to FIG. 30 but with the embodiment of FIG. 31 ; 
[00236] FIG. 34 is an elevational view of a fonA^ard portion of a soldering iron tip of the 
present invention shown in use; 

[00237] FIGS. 35-38 are stylized views showing successive spray coating steps of the 
present invention; 

[00238] FIG. 39 is an enlarged view taken on circle 39 of FIG. 1 showing a first 
coating embodiment; 

[00239] FIG. 40 is an enlarged view taken on circle 40 of FIG. 1 showing a second 
coating embodiment; and 

[00240] FIG. 41 is an enlarged view taken on circle 41 of FIG. 1 . 

Detailed Description of Preferred Embodiments of the Invention 
[00241] General Description of a Soldering Iron Tip 

[00242] Referring to FIG. 1 , a cross-sectional view of a preferred soldering iron tip of 
the present invention is illustrated generally at 100. Illustrated therein are four features, 
namely, the MIM cap 102, the joint 104 for the cap, the thermal spray coating 106 on 
the core 107, and the thermal barrier coating 108 in the cavity 109. Each of these will 
be described in greater detail and with other applications and alternatives in subsequent 
sections in this disclosure. 
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[00243] Advantages of the soldering iron tip 100 of FIG. 1 are that it is free of lead and 
chromium, can be used with lead-free solder, allows for the selection of various 
alternative materials (for longer life Fe-0.8C, for more wetness: Fe-Ag, Fe-Cu), better 
thermal conduction because the insert pipe has been removed, less error than caused 
by plating thickness, can be produced rather quickly so as to reduce stock (from forty- 
five days down to one day), and can be adapted and applied not only to electrical 
soldering tools but also to desoldering tools. Each of the features will now be discussed 
in detail. 

[00244] The Metal-lniection-Molded (MIM) Cap 

[00245] A first embodiment of the present invention is described with reference to 
FIGS. 2-12. FIG. 2 is a front view of the fonA/ard end of an electric soldering iron 110 
and FIG. 3 is an exploded perspective view thereof. At the fonA/ard end of the electric 
soldering iron 110 is a soldering iron tip 120 (corresponding to the soldering iron tip for 
handling solder) which protrudes from a protective pipe 130 as a conical fonvard end 
housed in the protective pipe 130. The protective pipe 130 is fixed on a nipple 160 of 
the electric soldering iron 110 by a cap nut 140. A cavity 210 (see FIG. 4) is provided at 
the interior of a cylindrical trunk segment of the soldering iron tip 120, which is covered 
by the protective pipe 130. This is assembled with the ceramic heater 150 (powered by 
a power supply shown schematically at 152 in FIG. 1), which protrudes from a main 
body 170 of the electric soldering iron 100, fitted into this cavity 210. The ceramic 
heater 150 generates heat when a power switch is turned on, and is maintained within 
an adjustable predetermined temperature range by a themriostat mechanism. 
[00246] FIG. 4 is an enlarged sectional view of the soldering iron tip 120, taken on line 
4-4 in FIG. 3; and FIG. 5 is an exploded perspective view of the forward end of the 
soldering iron tip 120. The soldering iron tip 120 comprises a soldering iron tip core 200 
(which includes a cylindrical trunk and a conical fonA^ard end), and a soldering iron 
foHA^ard end member 220, which is brazed to this forward end according to a preferred 
embodiment. The soldering iron tip core 200 is formed of relatively inexpensive copper 
or copper alloy having good thermal conductivity and electrical conductivity. An 
example of the copper alloy is a copper-tellurium alloy. A thin chromium plating can be 
applied on the exposed portion of the exterior of the soldering iron tip core 200. The 
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soldering iron forward end menfiber 220 is the part that directly contacts and melts the 
solder. In normal usage, the fonvard end of the soldering iron fooA/ard end member 220 
is coated with a solder layer 180. This soldering iron forward end member 220 is 
principally comprised of iron but also selectively comprises nicl<el, cobalt, copper, silver, 
tin, boron, carbon, and the like, at predetermined content ratios; it is a metal particle 
sintered body manufactured by means of powder metallurgy. The compositions and 
methods of manufacturing are described below. Furthemiore, depending on the 
manufacturing method, various configurations are possible for the shape of the 
soldering iron forward end member 220. These variations are also included in the 
description below. 

[00247] According to the construction described above, the electric soldering iron 1 10 
is such that the ceramic heater 150 generates heat when the power switch is turned on. 
This heat is rapidly and efficiently transmitted to the surface of the soldering iron forward 
end member 220 from the cavity 210 of the soldering iron tip 120. When the 
temperature of the solder in the solder layer 180 on the soldering iron fonvard end 
member 220 exceeds the melting point thereof, the solder melts, and the solder is 
applied together with newly supplied solder. 

[00248] As the fonA/ard end of the soldering iron forward end member 220 is coated 
by the solder layer 180, when the solder is applied, the molten solder layer 180 
becomes the heating medium, so that heat is supplied to the part being soldered, and 
solder can be applied well. Since the solder layer 180 is formed on the soldering iron 
foHA/ard end member 220, this can easily be wet with solder. Good solder wettability is 
important for good soldering. This is because, if the soldering iron fonA/ard end member 
220 does not have good solder wettability, the route by which heat is supplied to the 
part to be soldered is limited to the contact with the soldering iron fonward end member 
220, resulting in poor heat transmission and soldering. 

[00249] Furthemriore, if soldering operations are perfomned many times, the surface of 
the soldering iron fonn/ard end member 220 is corroded or eaten away by the solder. It 
is preferable that the amount of this con^osion be small, but as this increases at higher 
temperatures, the situation is worse with lead-free solders that have higher melting 
points than Sn-Pb solders. Furthemriore, the corrosion is greater, even at the same 
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temperature, due to the high tin content in lead-free solders, as compared to Sn-Pb 
solders. As the soldering iron fonA/ard end member 220 is considerably thicker than 
conventional platings, the resistance to corrosion and the working life of the end 
member are increased. 

[00250] Control of the temperature of the soldering iron tip during the soldering is 
important; the tip is used with the temperature adjusted to approximately 340°C when 
Sn-Pb eutectic solder is used, and to approximately ZSO^'C when lead-free solder is 
used (for Sn-0.7% Cu solder). If the temperature is too high, the surface of a soldering 
iron tip after numerous soldering operations turns black, solder wetting suffers, and the 
tip needs to be replaced. In such cases, or if one wishes to change the shape or the 
material of the. soldering iron tip depending on the usage, this can be disassembled, as 
shown in FIG. 3, by loosening the cap nut 140, and the soldering iron tip 120 can easily 
be replaced. 

[00251] Next, the components of the soldering iron tip 120 are described. The Table 
below is a component table showing the content by weight (%) of the particles used in 
the manufacture of the metal particle sintered body that forms the soldering iron forward 
end member 220. The vertical axis of the Table shows "types" assigned to different 
combinations of particles. Here, eleven types have been given by way of example, but 
other preferred combinations may be used, within the scope of the invention. The 
horizontal axis shows the types of powders actually used in the composition of the metal 
powder sintered body. Particle types can be broadly classified into sintering base 
materials and sintering additives. At least one of iron (Fe), nickel (Ni), and cobalt (Co) is 
chosen as the particles for the sintering base material. Types 9 through 1 1 use only a 
sintering base material. In Types 1 through 8, in addition to the sintering base material, 
sintering additive particles, chosen from at least one of copper (Cu), silver (Ag), tin (Sn), 
boron (B), and carbon (C) are used. In the top half of each row, the percent by weight 
of the various particles used, with respect to the total particles, is shown, and in the 
bottom half, the preferred ranges (omitted for Types 9 through 11) are shown in 
brackets. 
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TABLE 



Type 


Basic Sintering Material 


1 Sintering 


Additive 


Iron 

(Fe) 


nickel 

(Ni) 


cobalt 

(Co) 


total 

basic 
material 


1 copper 

(Cu) 


silver 

(Aq) 


tin 

(Sn) 


boron 

(B) 


carbon 

(C) 


total 

additive- 
weight % 


1 


93.2 
(88- 
98.5) 






93.2 
(88-98.5) 


5.5 
(1.0-10.0) 


1.3 
(0.5-2.0) 








6.8 
(1.5-12.0) 


2 


74.0 
(60-88) 






74.0 
(60-88) 


24.0 
(10-38) 


11.0 
(2.0-2.0) 








35.0 
(12.0-40) 


3 


90.7 
(83- 
98.5) 


- 


- 


90.7 
(83-98.5) 


5 5 
(1.0-10.0) 


1.3 
(0.5-2.0) 


2.5 
(0-5.0) 


- 


- 


9.3 
(1.5-17) 


4 


94.5 
(89- 
99.99) 


5.0 
(0-10) 




99.5 
(99- 
99.99) 








0.5 
(O.OM.O) 




0.5 
(0.01-1.0) 


5 


68.2 
(38.0- 
98.5) 


25.0 
(0-50) 




93.2 
(88-98.5) 


5.5 
(1.0-10.0) 


1.3 
(0.5-2.0) 








6.8 
(1.5-12.0) 


6 


83.2 
(68- 
98.5) 




10.0 
(0-20) 


93.2 
(88-98.5) 


5.5 
(1.0-10.0) 


1.3 
(0.5-2.0) 








6.8 
(1.5-12.0) 


7 


58.2 
(18- 
98.5) 


25.0 
(0-50) 


10.0 
(0-20) 


93.2 
(88-98.5) 


5.5 
(1.0-10.0) 


1.3 
(0.5-2.0) 








6.8 
(1.5-12.0) 


8 


99.2 
(98- 
99.7) 






99.2 
(98-99.7) 










0.8 
(0.3-2.0) 


0.8 
(0.3-2.0) 


9 1 100 






100 














10 


58 


42 




100 














11 


S4 


28 


18 


100 















[00252] For example, the components in Type 1 are 93.2% Fe/5.5% Cu/1.3% Ag. 
The preferre(d ranges for each of the components are Fe: 88-98.5%, Cu: 1-10%, Ag: 
0.5-2%. The entries for Types 2-1 1 follow the same notation. The amounts of these 
particles used may be determined within the preferred range for each of the particles, 
but if a sintering additive is used, this is adjusted so that the total amount of the sintering 
base material is within the range of 60-99.99%, and the total amount of sintering 
additive is within the range of 0.01-40%. For example, the amounts of sintering 
additives in Type 2 may be determined within the ranges of Cu: 10-38% and Ag: 2-20%, 
but these are selected so that the totals thereof do not exceed 40%. 
[00253] With regard to iron particles, which constitute a sintering base material, iron is 
an important (or indispensable) primary component for successful corrosion resistance. 
Consequently, iron particles are used in all of Types 1-11, and, in Type 9, only iron 
particles are used. However, as is also known from conventional iron-plating methods, 
impurities in iron negatively impact soldering performance, and therefore, iron powder 
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having a purity of no less than 99.5% is used for the iron particles. When the iron 
particles have a high purity, losses in thermal and electrical conduction can be avoided, 
soldering perfomriance improved, and the density of the metal particle sintered body 
increased. If the iron particles contain large quantities of impurities, such as carbon (C), 
oxygen (O), nitrogen (N), or hydrogen (H), the corresponding density of the metal 
particle sintered body may be no greater than 90%, while in the present embodiment, 
which uses high-purity iron powder, the density Is increased to no less than 96%. 
[00254] Nickel particles and cobalt particles are also suitable choices as sintering 
base materials. Nickel and cobalt belong to the iron group, which is Group VIII of the 
periodic table. Accordingly, nickel particles and cobalt particles have similar 
characteristics to iron particles, and not only can these be used as a substitute material 
for iron, but characteristics superior to those of iron particles alone are demonstrated 
with certain combinations thereof. Nickel particles are used in Types 4, 5, and 10; 

■ 

cobalt particles are used in Type 6; and both are used in Types 7 and 1 1 . 
[00255] Fe-NI sintered alloys, which use both iron particles and nickel particles as 
sintering base materials, produce sintered products with improved soldering 
performance, as compared with iron alone. In this case, the amount of nickel particles 
added is preferably no greater than 50%. If the amount of nickel particles exceeds 
50%, the corrosion resistance is inferior and solder corrosion progresses rapidly. 
[00256] Fe-Co sintered alloys, which use iron particles and cobalt particles as 
sintering base materials, promote sinterability and suppress solder corrosion. In this 
case, it is preferable that the amount of cobalt particles added be no greater than 20%. 
If 20% is exceeded, the soldering performance is inferior, and the cost is increased. 
[00257] The use of 1-10% of copper particles as a sintering additive (Types 1, 3, 5, 6, 
and 7) not only improves solder wetting, but allows a high-density Fe-Cu sintered alloy 
to be produced due to liquid phase sintering, which is extremely efficient. Liquid phase 
sintering (in the case of copper) is a method wherein the sintering temperature is set to 
greater than the melting point of copper, which is 1083°C, so that the copper is liquefied 
during the sintering process. Preferably, 1-10% of copper particles are added; at less 
than 1%, the effect is small, and at greater than 10% when liquid phase sintering 
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occurs, the formed product readily deforms as a result of local melting of the copper 
particles. 

[00258] An Fe-Cu sintered alloy, in which greater than 10% of copper particles are 
added, may be used (Type 2). However, in this case, the temperature is set to less 
than the melting point of copper for the reasons given above. If prepared in this 
manner, while the corrosion resistance characteristics are slightly lowered, the thermal 
conductivity and the soldering perfomiance are improved, making this suitable when 
soldering performance is more important than corrosion resistance. Furthermore, this 
Fe-Cu sintered alloy containing a large amount of copper particles is characterized by 
lesser decreases in thermal conductivity than solution alloys. For example, as 
compared to solution Fe-50% Cu alloys having an electrical conductivity of no greater 
than 20% lACS, these Fe-Cu sintered alloys show a high electrical conductivity of 50% 
lACS. This relationship is also proportional for thermal conductivity. It is preferable that 
no more than 40% of copper particles be added; generally if 40% is exceeded, solder 
corrosion increases. 

[00259] If silver is used as a sintering additive (e.g., Types 1, 2, 3, 5, 6, and 7), a high- 
density Fe-Ag sintered alloy can be achieved as a result of liquid phase sintering at an 
even lower temperature than where copper particles alone are used. This is because 
the melting point of silver is lower than that of copper, at 960°C. Furthermore, in the Fe- 
Cu sintered alloy, having a large quantity of copper particles described above (Type 2), 
an Ag-28% Cu (eutectic temperature ZSO^'C) low melting point particle may be used. It 
is preferable that 0.5-20% of silver particles or silver-copper particles be added; if 20% 
is exceeded, production cost increases. 

[00260] If tin particles are used as a sintering additive (Type 3), soldering 
performance is improved. Additionally, since tin has a low melting point of 232X, liquid 
phase sintering can be achieved at an even lower temperature. In terms of adding tin 
particles in this manner, it is also effective to add copper particles and silver particles at 
the same time, as in Type 3. However, it is preferable to add no more than 5% of tin 
particles. If this amount is exceeded, the metal particle sintered body becomes weak as 
a result of compounds, such as FeSn2, which are formed. 



LosAngeies/1 27947.4 
11/21/03 



28 



PATENT 
Docket No, 47434.00056 

[00261] If boron particles are used as the sintering additive (Type 4), boron is 
interstitially diffused among the iron group elements, furthering mutual diffusion of the 
solids within each other, allowing sintering at the relatively low temperature of 1 100*^0, 
Adding a small amount of boron particles has the advantage of having substantially no 
negative effect on soldering performance, and it is preferable that 0.01-1% be added. 
At less than this, the effect is small, and if the upper end of the range is exceeded, the 
soldering perfomiance tends to deteriorate. In addition. to adding boron particles alone, 
particles of alloys containing boron, such as Fe-B particles, Ni-B particles, or Cu-B 
particles, may be added. 

[00262] If approximately 0.8% of carbon particles are used as a sintering additive 
(Type 8), the corrosion resistance of the soldering iron tip 120 is greatly improved, and 
the life thereof can be greatly extended. 

[00263] The metal particles used for the sintering base materials and the sintering 
additives described above suitably have a particle size of no greater than two hundred 
|im, preferably no greater than fifty nm, and still more preferably, they are ultrafine 
particles (that is, nano particles). By using such small metal particles, the density of the 
metal particle sintered body can be increased as well as the corrosion resistance and 
soldering performance. 

[00264] A method of manufacturing the soldering iron tip 120 is now described. FIG. 6 
is a process diagram for the manufacture of the soldering iron tip 120. In step 230, the 
sintering base material, the sintering additive, and a binder (additive agent) are mixed in 
a mixer. Next, In step 232, this mixture is pressure molded in a press mold, an injection 
mold, or the like, to form a green compact (shaping). The shape of the green compact 
is roughly similar to the shape of the soldering iron forward end member 220. 
Thereafter, the green compact is removed from the mold; and in step 234, the green 
compact is sintered in a non-oxidative atmosphere at a predetermined temperature 
(800-1 300''C) to form a metal particle sintered body. Next, in step 236, this is machined 
to match to the soldering iron tip core 200 and to complete the soldering iron foHA/ard 
end member 220. Next, in step 238, the soldering iron fonvard end member 220 is 
joined to the forward end of the soldering iron core 200 by brazing. Brazing is 
performed at 650-850''C, using BAg-7 or BAg-8 silver brazing alloy. In addition to 
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brazing, joining may be achieved by pressure welding, friction welding, or the like. 
Finally, in step 240, the dinnensional accuracy Is achieved by finishing, completing the 
soldering iron tip 120. 

[00265] Sintering the soldering iron fonvard end member 220 using powder metallurgy 
provides flexibility in shaping, and allows a shape to be produced which is close to the 
final shape, so that final grinding procedures can be reduced or even eliminated. 
Furthermore, as compared to solution processes, it is not necessary to heat the green 
compact to the melting point of iron, which reduces energy consumption and lessens 
the environmental impact. Thus, since discharge processing, such as when 
conventional iron plating was used, is not necessary, environmental damage is reduced, 
allowing for energy savings and mass production. 

[00266] Various manufacturing methods in powder metallurgy can be used. FIG. 7 is 
a production diagram for the manufacture of the soldering iron tip 120a shown in FIG. 8 
by means of sintering it and at the same time joining it to the soldering iron tip core. In 
step 250, the sintering base material, the sintering additive, and a binder are mixed in a 
mixer. Next, in step 252, the mixture is pressure molded in a press mold or an injection 
mold, or the like, to form a green compact (shaping) 253. The shape is a cylinder 
having roughly the same shape as the metal particle sintered body 260 in FIG. 8(a). 
Thereafter, the green compact is removed from the. mold and affixed to the forward end 
of the soldering iron tip core 200a. In step 254, this is fired and sintered in an oxidative 
atmosphere at a predetermined temperature (no less than SOO^'C and no greater than 
the melting point of the soldering iron tip core, which is made from copper or a copper 
alloy), so as to form the metal particle sintered body 260, while at the same time joining 
it to the soldering iron tip core 200 (the situation shown in FIG. 8(a)). Thereafter, in step 
256, the dimensional accuracy is adjusted by way of finishing, completing the soldering 
iron tip 120a (as shown in FIG. 8(b)). Thus, an additional step of joining the soldering 
iron foHA/ard end member 220a and the soldering iron tip core 200a by brazing or the 
like is not needed, improving production efficiencies. 

[00267] The molding indicated in step 232 of FIG. 6 or step 252 of FIG. 7 can be 
pressureless molding, wherein pressure is not applied. On the other hand, pressure 
molding increases the density of the green compact, which allows for an increase in the 
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density of the sintered metal particle sintered body. Then, if liquid phase sintering is 
used, it is possible to achieve a metal particle sintered body with an even higher 
density. Liquid phase sintering is a method wherein particles are used for the sintering 
additive, which has a relatively low melting point (copper particles, silver particles, Ag- 
28% Cu eutectic particles (eutectic temperature 780''C), tin particles, and the like), and 
sintering is performed at temperatures higher than these melting points. 
[00268] FIGS. 9(a), 9(b) and 9(c) are schematic sectional views illustrating the 
mechanism of liquid phase sintering. FIG. 9(a) shows the situation before pressure is 
applied in step 232 of FIG. 6 or step 252 of FIG. 7. As shown in the figure, sintering 
additive particles 320 are mixed into the sintering base material particles 310 before 
pressure is applied, and relatively large gaps 330 are formed. FIG. 9(b) illustrates the 
situation after the pressure molding of step 232 or step 252. As shown therein, after 
pressure molding, the sintering base material particles 310 and the sintering additive 
particles 320 are plastically deformed so as to be flattened, bringing the particles into 
close contact with each other but leaving small gaps 330. FIG. 9(c) illustrates the 
situation after liquid phase sintering in step 234 of FIG. 6 or step 254 of FIG. 7. As 
shown therein, as a result of recrystalization, the sintering base material particles 310 
grow, and the gaps are filled by the sintering additive particles 320, which increases 
fineness. The reason for this is that, in addition to the solid state diffusion of the base 
material particles 310 themselves, the sintering additive particles 320 melt at the 
sintering temperature, wetting the sintering base material particles 310, while at the 
same time the gaps 330 are filled by this liquid as a result of surface tension. In 
addition to producing such high-density metal particle sintered bodies, liquid phase 
sintering allows for sintering at relatively lower temperatures, thereby saving energy. 
[00269] Furthermore, after sintering the metal particle sintered body, the body can be 
further shaped by preform forging or powder forging at 300-500X to produce the 
soldering iron forward end member, as would be apparent to those skilled in the art from 
this disclosure. By using these methods, the fine gas cavities between the particles can 
be reduced and the particle density thereby increased. 

[00270] Other sintering methods which may be used include cold isostatic press 
compression molding (CIP), hot isostatic press compression molding (HIP), and 
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mechanical alloying (MA). These methods are also generally known, and therefore, 
detailed descriptions thereof are not provided herein. However, when these methods 
are used, the metal particle sintered body is plastically formed into a rod or a filament, 
which is further machined to produce the soldering iron fonA/ard end member 220. 
FIGS. 10(a) and (b) are sectional views of the extremities of soldering iron tips produced 
in this manner. Soldering iron tips 120b and 120c are such that the ends of soldering 
iron tip cores 200b and 200c are joined by brazing to soldering iron forward end 
members 220b and 220c, which are produced by the previously-mentioned CIP, HIP, or 
MA methods. 

[00271] Another sintering method that can be used is a two-layer sintering method. 
FIG. 11 is an exploded perspective view of a soldering iron tip 120d, for which two-layer 
sintering was used. The soldering iron fonA/ard end member 220d comprises a first 
layer 340 and a second layer 350. The first layer 340 is produced from a mixture of the 
sintering base materials and the sintering additives described above, and the second 
layer 350 is sintered from copper particles or copper-chromium particles. The soldering 
iron fonward end member 220d is thus a metal particle sintered body comprising two 
layers, which may be shaped directly. Furthermore, after making a sintered body, such 
as the metal particle sintered body 260 shown in FIG. 8(a), it can be machined to form a 
soldering iron fonA^ard end member 220d, as shown in FIG. 11. Next, a soldering iron 
tip 120d can be produced by brazing this machined member to a soldering iron tip core 
200d. When a copper pipe is used as the soldering iron tip core 200d the need for 
machining of the inner face is eliminated, thereby saving power. FIGS. 12 and 13 are 
cross-sectional views of FIG. 1 1 to better show the layer construction. The tip can also 
be made pursuant to the method of FIGS. 8(a) and 8(b) as depicted in the cross- 
sectional views of FIGS. 14 and 15. 

[00272] A second embodiment of the present invention is now described with 
reference to FIGS. 16 and 17. FIG. 16 is a partial sectional view of an electric solder 
suction device 400. In that figure, a tank 410 is shown removably fitted between a 
foHA/ard holder 420 and a rear holder 430 at the top of a main body case 440. The tank 
410, which stores the suctioned molten solder, can be a cylinder made of a transparent 
material, such as heat-resistant glass, allowing observation of the interior. A filter 450, 
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made from glass wool, is provided at the rear extremity of the tank 410. and the tank 
communicates with the rear holder 430 through this filter 450. A vacuum tube 460 is 
connected to the rear holder 430, and a vacuum is produced in the tank 410 by a 
vacuum pump. 

[00273] The rear end of a stainless steel transport pipe 470, which communicates with 
the tank 410, is inserted into the fonA^ard holder 420. The fonA^ard end rod of the electric 
solder suction device 400 includes: a copper heating core 480, having an inner hole 
through which the transport pipe 470 passes; a ceramic heater 490, at the interior of the 
heating core 480; a protective pipe 500, which covers the outer circumferential face of 
the heating core; and a suction nozzle 510, which directly contacts with the solder to 
melt the solder and suction it (corresponding to a soldering iron tip for handling solder). 
A male thread 520 is formed at the end of the heating core 480, and a female thread 
530, which cooperates therewith, is fomied at the rear end of the suction nozzle 510, 
allowing the suction nozzle 510 to be removed and replaced as needed. At the fonA/ard 
end of the suction nozzle 510, a through-hole 540 (see FIG. 17) communicates with the 
transport pipe 470. The ceramic heater 490 is connected to a power cord by way of a 
lead 550. 

[00274] When a vacuum suction switch, provided on the main body case 440, is 
turned on, the pressure inside the tank 410 and the transport pipe 470 is reduced by a 
vacuum pump. Furthermore, if the power supply to the ceramic heater 490 is turned on, 
the end of the suction nozzle 510 is heated. By contacting this heated end with solder, 
the solder is melted. The melted solder Is then sucked into the transport pipe 470, by 
way of the suction nozzle 510, through the suction opening 560 (see FIG. 17). The 
suctioned molten solder is delivered to the tank 410 and stored therein. The tank 410 
can be removed and replaced when filled. 

[00275] FIG. 17 is an enlarged sectional view of the area of the suction nozzle 510 in 
FIG. 16. The suction nozzle 510 comprises a soldering Iron tip core 570, made from 
copper or a copper alloy, and a soldering iron fonA/ard end member 580, made from a 
metal particle sintered body, as described in detail above. A through-hole 540 at the 
interior of the soldering iron fonA/ard end member 580 forms a suction opening 560, 
which opens at the exterior of the tip, for suctioning molten solder. The rear end is 
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connected to the transport pipe 470. Conventionally, in addition to providing iron plating 
at the outer circumferential surface of the fonvard end of the suction nozzle of electric 
solder suction devices, an iron pipe was inserted into the interior in order to form a 
through-hole. However, according to the present embodiment of the invention, a 
soldering iron forward end member 580 alone is provided at the end of the suction 
nozzle 510, and iron plating is thereby not needed, which improves productivity and 
reduces discharge of environmental contaminants. 

[00276] Furthermore, this suction nozzle 510 has good corrosion resistance against 
lead-free solder, which can extend the life thereof, as compared to conventional plated 
articles, while maintaining good solder wetting in the same manner as the soldering iron 
tip 120 (FIG. 2) of the first embodiment. 

[00277] The sintering components for the soldering iron forward end member 580, the 
method of manufacturing the suction nozzle 510, and the like, are based on the 
soldering iron tip 120 of the first embodiment. 

[00278] The soldering iron tip 120 illustrated in the first embodiment and the electric 
soldering iron 110 using that tip, the suction nozzle 510 illustrated in the second 
embodiment and the electric solder suction device 400 using that nozzle, as well as 
manufacturing methods therefor, have been described above, but the present invention 
is not limited thereby, and suitable variations may be devised within the scope of the 
patent claims. 

[00279] Thus, the soldering iron tip for handling solder of the present invention is 
characterized in that according to a preferred embodiment, a soldering iron fon^/ard end 
member comprising a metal particle sintered body manufactured by powder metallurgy 
is provided at the fon^/ard end of a soldering iron tip core made of copper or a copper 
alloy. Thereby solder corrosion of the soldering iron tip for handling solder is prevented 
when lead-free solder is used, the solder application or solder removal characteristics 
are good, soldering iron forward end member properties optimized for the type of solder 
can easily be produced, and furthermore, discharge of environmental contaminants is 
reduced. 

[00280] A Process for Joining the Cap to the Core 
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[00281] It is difficult to get a good connection or joint (see 104 in FIG. 1) when joining 
an iron-based sintered body (described hereinafter as "sintered cap") 600 (or 220) made 
by MIM molding technique with a copper-based soldering tip core member 620. Voids 
can result and the brazing filler material may not sufficiently flow into the joint part. This 
can result in poor thermal conduction from the core to the sintered tip, whereby slow 
thermal recovery and poor solderability result. Therefore a new brazing technique 
having high adhesion and consistent quality for non-iron plating soldering tips has been 
developed and will now be described. According to this invention, very small silver (Ag) 
particles or powders are used to provide an excellent joint. 

[00282] The steps of a brazing method of the present invention will now be briefly 
described. The copper core of the soldering tip is mechanically processed, and grease 
thereon removed by washing with acid. The silver particles are applied to the inner 
surface of the sintered cap and the core member. A brazing filler metal ring is mounted 
and the cap is inserted and pressed onto the core member. Flux is then applied, 
brazing temperature applied and the flux sediment is subsequently removed. 
[00283] The process is now described in greater detail with reference to FIGS. 18-26. 
Again, the copper base core member 620 of the soldering tip is mechanically processed 
and its surface is cleaned by washing it with acid as depicted by arrows 630 in FIG. 18 
to remove any grease, such as fingerprints and other oily surfaces. A paste 640 of 
silver particles is applied to the core member 620 and to the inner surface 650 of the 
sintered cap 600, as shown in FIG. 19. Extremely small silver particles having a size of 
smaller than lOpm are used. The particles are made into paste 640 using alcohol and 
applied to the tip of the core member and the inner surface of the sintered cap using 
absorbent cotton or a brush 660; 0.9 to 1.2mg. are applied to the tip 670 of the core 
620; I.Omg. is applied to the inner surface 650 of the sintered cap. About five hundred 
milligrams, an extremely small amount of silver particles are used. The silver particles 
fill the space, preventing oxidation and maintaining good thermal conduction. These 
particles increase adhesion even if no brazing filler material is used because the solid 
phase connection will be made even under a low temperature of ZOO'^C. by diffusion 
reaction. 
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[00284] A brazing filler metal ring 680 (FIG. 20) is mounted to the core member 620. 
The silver braze (BAg-7) is processed in a 0.5 mm. diameter ring and mounted to the 
brazing part of the core member. The composition of the silver braze (JIS-Z-3261) is 
preferably Ag-22%Cu-17%Zn-5%Sn. The melting temperature of the silver braze is 620 
to 650°C. The operating temperature is 650 to 760°. The amount of silver braze used 
is .017 to .02g. This silver braze is preferably used because its melting temperature is 
the lowest among all the silver brazes and will hold the softness of the core material. It 
further has good brazability characteristics and does not Include any metal elements 
that will cause environmental pollution. 

[00285] Referring to FIG. 21, the sintered cap 600 is then inserted on the tip of the 
core member 620. The sintered cap 600 can be made by MIM techniques as described 
elsewhere in this disclosure. The weight of the sintered cap 600 is about O.lg., and the 
weight of the core member 620 is about five grams, providing a weight ratio of about 
1 :50. The sintered cap 600 is inserted after mounting the silver brazing ring 680, as can 
be understood from FIGS. 20 and 21. After inserting the sintered cap 600 in place on 
the tip, pressure is applied to remove the extra space between the sintered cap to the 
core member. 

[00286] Flux 690, such as AWS 3A type flux, is then applied, as depicted in FIG. 22. 
The flux 690 is selected to accommodate the silver braze (BAg-7) ring 680. The (paste) 
flux 690 is applied using a fine brush or by dipping the tip portion directly into the flux. 
Although applying the flux 690 only to the connection area is sufficient, it is preferable to 
apply it all over to prevent oxidation and aging. 

[00287] For the brazing methods steps described above, a tubular electric furnace is 
preferably used. The atmosphere inside the furnace can be nitrogen gas and the 
brazing temperature is 700° C. The brazing step is shown by arrows 700 in FIG. 23. 
The temperature is kept at that level for three minutes as depicted by reference numeral 
710 in the heating-cooling graph shown generally by reference numeral 720 in FIG. 27; 
and the full brazing time is twenty-five minutes. The furnace is filled with gas such as 
nitrogen or argon, and brazed by using flux under the gas pressure. 
[00288] The flux sediment 730 as shown in FIG. 24 on the surface of the soldering 
iron tip is removed after brazing, using warm water or by supersonic wave washing as 
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illustrated by arrows 740 in FIG. 25. The flux sediment 730 has strong corrosion 
characteristics, so the part should be cleaned and dried and stored out of exposure to 
the atmosphere. The next step is to finish the brazing (as shown in FIG. 26) by 
machining or filing. A good silver-coated sintered soldering tip 740 is thereby produced 
because the sintered cap was brazed by applying flux onto its entire surface. 
[00289] As described above, one of the methods for attaching or joining the metal 
particle sintered member or cap 600 to the fonA^ard end of the copper or copper alloy 
core 620 is to braze the sintered cap to the core. Discussed below in further detail are 
the construction of the joint part, how the brazing filler metal is applied and how a 
consistently good brazing joint can be obtained. 

[00290] To join the sintered cap, two differently configured copper core members can 
be used. FIGS. 28 and 31 show the outside surfaces thereof. The core member 620a 
of FIG. 31 has a radius 740 (of approximately 150 degrees), and the core member 620 
of FIG. 28 has a 90** tapered portion or abutment shoulder 750. 
[00291] FIGS. 29 and 32 show the copper core member, the brazing filler ring 680 
(BAg-7, 0.5 mm. diameter) fitted thereon, and the cap pressure-secured in place. (FIG. 
22 shows the flux 690 applied to the part where the brazing filler ring 680 was secured 
and was brazed.) The two differently-configured core members have their own 
advantages and disadvantages. 

[00292] Referring to FIG. 32, when applying pressure to the sintered cap, the brazing 
filler ring 680 moves upwardly opposite to the tip so processing accuracy is not 
required. However, it requires more brazing filler material and if enough is not provided, 
a groove will result. 

[00293] Referring to FIG. 29, a space the size of the brazing filler ring's diameter (0.5 
mm.), can be obtained. When applying pressure to the cap 600, the size of the space 
does not change; thus, high processing accuracy is required. Additionally, this 
configuration lacks in the amount of brazing filler material, but can get the same stable 
brazing. 

[00294], Stable brazing can be obtained from the embodiment that uses the 90"" 
abutment portion 750 (FIG. 28) as well as the one that provides the radius 740 (FIG. 
31). However, using a 0.5 mm diameter brazing filler metal ring 680 requires an 
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additional .5 mm space and that can cause insufficient brazing filler material. Thus, by 
calculating the volume of the space filling amount, the spacer size needs to be 0.3 mm 
or less to fill the space by the amount of the 0.5 mm ring brazing filler metal. 
Accordingly, the 0.5 mm brazing filler ring 680 is pressed to 0.3 mm as shown in the 
FIG. 29. This figure is after inserting the 0.3 mm ring with the sintered cap 600 to the 
copper tip core member and pressure applied to it. FIG. 30 shows the soldering iron tip 
after the brazing. There are no bumps on the cap space core member, whereby the 
cap and core act as a unitary construction. 

[00295] Thus, pursuant to the brazing method described above, extremely small silver 
particles are applied to the tip of the core member and the inner surface of the sintered 
cap. After the silver particles have been applied, pressure is exerted to the sintered cap 
against the core member. Heating and brazing are conducted under non-oxidation 
atmospheres such as nitrogen, argon gas and using flux. 
[00296] A Process for Sprav Coating the Soldering Iron Tip 

[00297] The soldering iron tip 800, such as made using the MIM cap technique as 
described above or a plating layer of tin or tin alloy, transmits the heat from the heating 
element 150 in the cavity 109 (FIG. 1) through the pointed working end of the soldering 
iron tip as shown in FIG. 34 to the solder 810 on the work piece 820. The tip end 831 
having a length of generally less than seven millimeters is plated with solder 810 to 
efficiently transmit the heat to the working tip portion. If the tip end is weftable by 
solder, the solder transmits the heat and the soldering Is done effectively. On the other 
hand, if the soldering tip is wettable by solder all over the tip, such as up to point 832 in 
FIG. 34, the solder goes up the tip instead of staying at the working portion. Soldering 
then is ineffective and not as accurate. 

[00298] In the past, to prevent the solder from extending up the tip (for example to 
point 832), the tip was processed with chromium plating at the reanA/ard of the working 
tip end. Unfortunately, after a number of soldering operations, the chromium plating is 
gradually corroded or eroded as the tin in the solder eats the chromium plating (as well 
as the iron plating). Further, most of the active agents in flux contain chlorine which can 
also corrode the chromium plating. Thus, the chromium plating portion of the soldering 
tip according to the prior art can be eaten away, not only by the chlorine flux, but also by 
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the tin solder. Additionally, it is difficult for the chromium plating to be applied without a 
gap between the soldering tip and the plated material. Further, chromium VI that is 
used for chromium plating is known to cause cancer and damage the health of humans 
and other living things. 

[00299] Accordingly, the present invention provides for an alternative to the chromium 
plating of the prior art. Specifically, a flame or a plasma spray coating 106 (FIG. 1) is 
used to spray various materials such as ceramics, cermet, and metals having high 
melting points. Metals 830 (FIG. 39) which perform well and have good adhesion to the 
copper core 107 include SUS316 stainless steel and molybdenum (Mo). Examples of 
ceramics 840 (FIG. 40) showing good performance are: AI2O3 - 2.5%Ti02, 62%CaO - 
33%Si02, Zr02 - 8%Y203. 70%Al2O3 - 29%MgO, AI2O3 - 40%TiO2. Zr02 - 20%MgO, 
Cr203, Zr02 - 4%CaO, and Zr02 - Ce03. 

[00300] When using ceramic coating or plating 840, the adhesion and corrosion 
resistance of the ceramics can be improved if an undercoating 850 (FIG. 40) is first 
applied. Examples of the undercoating 850 are Ni-Cr, SUS316, Cr-Mo. Thermal spray 
coating may make the material porous, and a sealing coating 860 (FIGS. 39 and 40) 
can be used to close the holes. 

[00301] The coating process will now be described in greater detail with reference to 
FIGS. 35-38. Since the temperature of flame spray coating is generally too low to spray 
ceramics or high melting point metals, plasma spray coating is the preferred application. 
[00302] A soldering iron tip is provided shown in FIG. 35 at 865 (and can be 
constructed and configured as described elsewhere in this disclosure). It has a copper 
or copper alloy core 880 having a base portion 870 and a fonwardly-extending portion 
880. The tip end of the fonwardly-extending portion 880 can have a MIM cap as 
described elsewhere in detail in this disclosure or iron plating. The soldering iron tip 
870 is first cleaned by degreasing, that is taking oil off its surface using acetone and/or 
a degreasing agent. The working end tip is then masked with a mask, such as a heat- 
resistant rubber mask as shown by the blocks 910 at the left ends of FIGS. 35-38. The 
mask 910 covers the portion of the soldering iron tip that is not to be sprayed. It for 
example may not cover the entire MIM cap as can be understood from FIG. 1 so that 
the coating extends onto an aft portion of the cap. 
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[00303] The surface of the soldering iron tip 870 is then roughened using steel grit 
blasting as shown by arrows 920 in FIG. 36. The diameters of the steel grit particles are 
approximately 10-250|jm, preferably with an average of 80pm and having a 10 Morse 
hardness. The output of the blast machine can be approximately between 3.7 to 4.0 
kgf/cm^, and the steel grit particle blast can be for about ten seconds. After the blast, 
the surface on the soldering iron tip is cleaned to purge the steel from the surface since 
if steel is left on the surface the surface can rust. The cleaning can be done by jet air 
blasts as depicted by arrows 930 in FIG. 37. 

[00304] To apply the plasma spray coating 936, the soldering iron tip is installed on a 
spinning machine and is spun at a rate of between 50 and 500 rpm, as depicted by 
arrow 940 in FIG. 38. The injection nozzle for the sprayed material is positioned about 
one hundred millimeters from the spinning soldering iron tip. The temperature of the 
inside of the injection nozzle reaches 1,000 to 10,000 degrees Centigrade. The 
spraying is done for about three cycles traveling right and then traveling back to the left 
from one edge of the base soldering iron tip core to the other. For example, when 
SUS316L is used as a spray coating material, the base material would have a 20pm 
layer of SUS316L deposited for each cycle. 

[00305] An undercoating 850 (see FIG. 40) can be applied to the surface of the base 
material to provide a stronger adhesion of the plasma-sprayed top coating material. If 
ceramic material 840 is sprayed on the metal (copper) base material, the adhesion to 
the metal surface of the base material can be weak. This is especially true if the 
product used for the ceramic top coating is used under high temperatures (such as a 
soldering) and may cause exfoliation because of the difference of the expansion rate 
against the heat. Therefore, the material used for the undercoating 850 should have an 
expansion rate which is between that of the top coating (e.g., 840) and that of the base 
material (e.g., copper). Ni-20%Cr can be used for the undercoating material. 
Alternative materials which can be used for heat resistance undercoating are (1) Ni, 
Co23%, Cr17%, AI2%, YO.5% and (2) Co, Ni32%, Cr21%, AI8%, YO.5%. The 
undercoating 850 can be applied using the same technique as that for the top coating 
as described above. 
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[00306] Flame spray coating or plasma spray coating of a material may cause the 
sprayed material to be porous. To close or cover the holes specific coating agents can 
be used herein, as shown in FIGS. 39 and 40 as sealant 860. Examples are Si02 and 
Zr02, and they can be hardened by heating them at 180X for thirty minutes. 
[00307] In addition to SUS316 and Mo, Al, Ni, Cu, W, Ti perform well as the coated 
metal material 830. The workable metals should be durable as to chlorine flux, not 
eaten away by tin solder and be capable of being plated without any gaps between the 
soldered tip and the plated material. The material also should not have wettability as to 
solder. Materials such as SUS316 and Ti have a strong oxidation film on their surface. 
Therefore, these materials do not make metallic compounds with the tin of the solder 
because of no wettability. These types of metals can be used as the material of the film 
having no wettability. All ceramics do not have wettability with solder. However, metals 
are superior to ceramics at the point of adhesion to the copper base material. 
[00308] As mentioned above, ceramics 840 advantageously do not have wettability 
with solder, but they do not adhere well to the base metal material. To solve this 
problem, the undercoating 850 can be applied, as mentioned above, and as shown in 
FIG. 40. The following materials can be used as the undercoating 850: 



Material 


Melting Point 

Degrees 

(Cent.) 


Al203-2.5%Ti02 


1855 


70% Al203-29%MgO 


2135 


Cr203 


2265 


62%CaO-33%Si02 


1900 


Al 


650 


Ni 


1456 


Cu 


1083 


Mo 


2622 


W 


3382 


Ti 


1820 



[00309] Thermal Barrier Coating the Cavity 
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[00310] The copper or copper alloy soldering Iron tip typically has a base portion 
having a reanA^ardly-opening cavity 109, as described earlier In detail and as depicted in 
FIG. 1. The cavity 109 Is shaped and adapted to receive therein the bar-shaped 
ceramic heater 150, but a thin air layer results between the ceramic heater and the 
surface of the copper cavity. Thereby oxide scales of CuO or CU2O typically result, 
heat conduction is reduced, and short circuiting or other problems can result. In the 
past, a thin stainless steel Insert pipe has been placed In the cavity between the copper 
core of the soldering iron tip and the ceramic heater to provide for precise temperature 
control. However, this does not prevent the oxidation of the copper base material or 
copper. Further, the stainless steel pipe has poor heat conductivity and shields the 
conduction of heat and thus results in a slower response of the temperature sensor of 
the soldering iron. 

[00311] Directed to solving these problems and pursuant to one aspect of the present 
invention, a paste which Includes Al and Ag particles Is applied in the cavity 109 and 
then the paste Is heated to form an Ag-Al-Cu alloy coating layer 950 (108) in the cavity, 
as shown In FIG. 41. The paste can Include a 10-60 weight % Al particles and 40-90 
weight % Ag particles. The paste can include a binder such as alcohol. The alcohol 
can be methyl alcohol, ethyl alcohol, butyl alcohol, isopropyl alcohol, or any other higher 
alcohol available as a solvent In an amount to provide suitable viscosity to the paste. 
Further, glycerine or propylene glycol can be added as desired. The paste, for 
example, can be a mixture of 30% Al particles and 70% Ag particles. The particles can 
have diameters of between Ipm and SOpm, and can have an oxygen content of 1% by 
weight or less. 

[00312] The paste is applied to the entire or substantially the entire surface of the 
reanA/ardly-opening cavity 109 of the soldering iron tip by brushing the paste or dipping 
the soldering iron tip into the paste. Preferably, a two to five mg/cm^ layer of the paste 
is applied to the cavity surfaces. The paste Is allowed to dry at a temperature less than 
400X. 

[00313] The dried paste is then heated in an Inert atmosphere and at a temperature 
and for a period of time sufficient to melt the paste. The temperature can be under 
750''C or preferably approximately 700°C, and the period of time is generally ten 
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minutes. An Ag-AI-Cu alloy coating layer 950 is thereby fonried on the entire surface of 
the cavity 109 or at least a substantial portion thereof. The alloy can be a eutectic 
composition of Ag-29.5% Al (by weight percent) and having a eutectic temperature of 
566°C. The coating layer 950 can have a thickness of between 5 and 50 |jm or 
preferably a thickness of approximately 40 pm. The coating layer 950 will have a high 
Al concentration wherein the Al concentration can be more than 5% by weight. 
Referring to FIG. 41, the coating layer can have a hardened AI2O3 surface film 960. 
[00314] This thermal barrier coating 950 in the rearwardly-opening cavity 109 can be 
formed at the same time or after MIM cap is joined to the fon/vard working-end portion of 
the soldering iron tip. The thermal barrier coating layer 950 can also be used for 
soldering iron tip constructions which do not use a MIM cap. Additionally, the fonA/ard 
working-end portion can have any shape such as a conical shape, a screwdriver shape, 
or a knife shape, not only for the soldering iron tip 100 but for any disclosed herein. The 
plasma spray coating (FIGS. 35-38) discussed above can be after the thermal barrier 
coating procedure. 

[00315] From the foregoing detailed description, it will be evident that there are a 
number of changes, adaptations and modifications of the present invention which come 
within the province of those skilled in the art. The scope of the invention includes any 
combination of the elements from the different species or embodiments disclosed 
herein, as well as subassemblies, assemblies, and methods thereof. However, it is 
intended that all such variations not departing from the spirit of the invention be 
considered as within the scope thereof. 
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